The Scheldt watershed is characterized by a high population density, intense industrial activities and intensive agriculture and breeding. A monthly monitoring (n = 16) of the abundance of two faecal indicator bacteria (FIB), Escherichia coli and intestinal enterococci (IE), showed that microbiological water quality of the main rivers of the Scheldt drainage network was poor (median values ranging between 1.4 × 10 3 and 4.0 × 10 5 E. coli (100 mL) −1 and between 3.4 × 10 2 and 7.6 × 10 4 IE (100 mL) −1 ). The Zenne River downstream from Brussels was particularly contaminated. Glucuronidase activity was measured in parallel and was demonstrated to be a valid surrogate for a rapid evaluation of E. coli concentration in the river waters. FIB were also investigated in the river sediments; their abundance was sometimes high (average values ranging between 2.1 × 10 2 and 3.3 × 10 5 E. coli g −1 and between 1.0 × 10 2 and 1.7 × 10 5 IE g −1 ) but was not sufficient to contribute significantly to the river water contamination during resuspension events, except for N. K. Ouattara · J. Passerat · P. Servais (B) Ecologie des Systèmes Aquatiques, Université Libre de Bruxelles, Campus de la Plaine, CP 221, Boulevard du Triomphe, 1050 Bruxelles, Belgium e-mail: pservais@ulb.ac.be the Scheldt and the Nethe Rivers. FIB were also quantified in representative point sources (wastewater treatment plants) and non-point sources (runoff water and soil leaching on different types of land use) of faecal contamination. The comparison of the respective contribution of point and non-point sources at the scale of the Scheldt watershed showed that point sources were largely predominant.
Introduction
Polluted surface waters can contain a large variety of pathogenic microorganisms including bacteria, viruses and protozoa. The main origin of these pathogenic microorganisms is the faeces of human and warm-blooded animals; they are brought to the aquatic environments through the release of wastewater effluents, surface runoff and soil leaching. The human sanitary risk linked to the presence of these pathogens depends on the use of the water (drinking, recreational activities, bathing, irrigation, shellfish harvesting) and on the pathogen concentration in water.
In aquatic systems, the detection and enumeration of all pathogenic microorganisms potentially present is impossible due to the large diversity of the pathogens, the low abundance of each species and the absence of standardized and low-cost methods for the detection of each of them. Thus, for routine monitoring, faecal indicator bacteria (FIB) are usually enumerated to evaluate the level of microbial water contamination. The abundance of these FIB is supposed to be correlated with the density of pathogenic microorganisms from faecal origin and is thus an indication of the sanitary risk associated with the various water utilisations. For more than a century, total coliforms and faecal (also called thermotolerant) coliforms were the main organisms used as bacterial indicators. Nowadays, Escherichia coli and intestinal enterococci (IE) are the most frequently used indicators of faecal pollution as it was demonstrated by epidemiological studies that they were better indicators of the human risk associated with waters than coliforms (Edberg et al. 2000; Fewtrell and Bartram 2001) . Recent guidelines for assessing the water quality required for different water uses are based on their abundance, i.e. the recent European Union Bathing water Directive (EU 2006) . In the present study, abundances of E. coli and IE were used to estimate microbiological quality. E. coli and IE were enumerated using classical culture-based methods (plate count on agar media); in addition, a direct (without cultivation) and rapid enzymatic method, the measurement of the glucuronidase activity (George et al. 2000) , was tested as a surrogate of the culture-based method for estimating E. coli concentration.
In the present study, the microbiological quality of the rivers of the Scheldt drainage network was investigated. The Scheldt watershed, which covers an area of 22,000 km 2 located from the North of France to the Belgian-Dutch border (Fig. 1) , is characterized by a high population density (around 500 inhabitants/km 2 ), intense industrial activities and intensive agriculture and breeding. Due to these anthropogenic pressures, one can assume that the microbiological water quality of the main rivers of the Scheldt drainage network is low. A first objective of this study was to evaluate the level of faecal contamination of the water of the main rivers. For this purpose, a monitoring survey was organized in the main rivers of the watershed.
Sediments of aquatic environments may constitute a reservoir for FIB. Indeed, different studies reported high FIB concentrations in sediments from streams and rivers (Crabill et al. 1999; Craig et al. 2002a; Smith et al. 2008) , lakes (An et al. 2002) , estuaries and coastal areas (Craig et al. 2002a; Roslev et al. 2008) . High concentration of faecal bacteria in sediments is usually explained by the longer survival of FIB in sediments than in the overlying water (Davies et al. 1995; Craig et al. 2004; Lee et al. 2006) . A part of the present study was devoted to evaluate the FIB level in the sediments of the rivers of the Scheldt watershed and to assess the possible impact of sediment resuspension on the microbiological water quality.
Another objective of this study was to determine the main sources of the faecal contamination of the rivers. The sources of FIB to the rivers of the watershed were thus studied in order to quantify and compare the point sources (outfall of treated and untreated wastewaters) and nonpoint sources (surface runoff and soil leaching) of faecal pollution at the scale of the whole drainage network.
Materials and methods

Water and sediment sampling
During the monitoring survey conducted in the scope of this study, water samples were collected in the downstream part of the main rivers of the Scheldt watershed. Twelve sites were investigated monthly from March 2007 to June 2008 (Fig. 1) ; a total of 16 sampling campaigns were thus performed. During these campaigns, water samples were collected in the rivers with a plastic bucket from bridges, halfway between the banks. Some of the sampling locations were under the tide influence; during the survey, these sites were systematically sampled during the low tide period. Samples were stored in 1-L sterile bottles, kept at 4
• C and analysed within a maximum of 6 h after collection.
Sediments were collected from the upper layer of the river sediment (approximately 10 cm from the surface of the sediment) using a hand trowel. Sediment samples were collected at the same
